
EuropSisehes Patentamt 

European Patent Offlea ® Publication number: 0 221 024 

OfRca europ6en des brevets A2 



@ EUROPEAN PATENT APPLICATION 



@ Applicatioo number: 86810469.6 
@ Oateoffifing: 21.10M 



@ mt a*: C12 N 15/00 

C 12 N 1/20, A 01 N 63/00. 
C 12 P 21/00 
//(C12N1/20.C12R1:07) 



® 


Priority: 30.1086 QB 8S26774 


® 


AppTicant: SANDOZ-PATENT-QMBH 






HumS>oldtaimae 3 


@ 


Data of puk^ication of appDcation: 




D-785D LOrrach (DE) 




0aU)SJ7 BuOettn 87/19 


® 


Designated Contracting States: DE 




Designated Contracting States: 


® 


Applicant: SANDOZ-ERFINDUNQEN 




AT BE CH DE ES Ftt QB Gft IT U NL SE 


Verwattungsgesenacliafl m.b.R 
Bnmner dtrasse 59 


® 


Applicant: SANOOZAG 




A-123S ¥Aon (AT) 


UcMstrasM 35 
CH-MU Basel (CH) 


@ 


Designated Contracting States: AT 




Designated Contracting States : 


® 


Inventor: Karamata, DimHri 




BE CH ES FR QB OR nr U NL SE 


chemtn des Roches 39 
CH-1066 EiMOngee (CH) 

Plot, Jean-Chrtotopho 
route do Bemer 93 
CH-1010 Lausmne (CH) 



@ Novel mfcTDoroanlams. 

The invention provides novel microorganisms comprising 
gene coding for B.t. t^urstaki delta-endotoxin and the gene 
coding to BJ. tenet>rionis delta-endotoxtn. their preparation, 
pesticidal compositions comprisaig such microorganisms and 
their use. 
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Description 

NOVEL MICROORGANISk/IS 

This invention relates to Bacillus thuringlensis (herelnatter B.t.) hybrids, their preparation, pesticidal 
compositions comprising such hybrids and their use. 

^ f JtTin^S?'^ "'^JT"""" *° ^^^'^ "^^^^^^ comprisir>g a plasmid with the gene coding 
for B.t.kuretek!delta-endotoxin ar»d a plasmid with the gene coding for B.t tenebrionis delta-endotoxin- they 
are obtam^le by conjugation of an endotoxin crystal producing B.t. Iturstaki strain and an endotoxin crystal 
producing B.t. tenebnonis strain and are capable of producing each of the delta-endotoxin crystals typical for a 
B.t. kurateW strain and a B.t tenebrionis strain. Delta-endotoxin crystals of B.t. kurstaki strains have a typical 
bipyramlda^ form. Delta-endotoxin crystals of B.t. tenebrionis are typically paralliii^i^io (or cubic) in shape 
Tt)e B.t. hybnds of the Invention aHow the bfotogical control of the pests controlable by the B.t. kurstaki and B t 

tenebnonis parent strains. 

The B.t. hybrWs of the Inventton may be obtained in conventional manner by conjugation of a 

15 dete;endotoxin producing B.t. kurstaki strain and a delta-endotoxin producing B.t. tenebrionis strain, and 
isolation of the B.t. hybrids of the im^enUon using isolation techniques known per se. Conjugation techniques 
are well known in the genetic engineering field (see for example. Gtonzalez J. M. and Cartton B C 1982 
Plasmid Transfer In Bacillus thuringiensis. 85-95. In Genetto and Cellular Technology, edited by LP Gaqe' 
Volume 1 Genetic Exchange, edited by U.N. Streips et al. Marcel Dekker. Inc. New York and Basel) ' 

^ Conveniently, the conjugation is mediated by conjugative plasmid. A suitable example of such conjugatlve 
plasmid IS pAMpI obtained from Streptococcus faecalls. generally known as p-plasmld. The latter is then 
introduced by known techniques (for example as disctosed by Fischer H.-l^. 1983. Plasmid und 
Plasmidubertragung bei Bacfllus thuringiensis. PHD Thesis ETH Nr. 7375. Swiss Federal Institute of 
Technology. ADAG Administration & Druck AG. 83 pages; or according to Gonzalez et al., as referred to 

25 hereinabove), mto a B.t. strain. The thus obtained B.t. strain containing the p-plasmid, will then serve as donor 
in conjugation between the kurstaki and tenebrionis strain ««y«a5aonor 
In order to facflitate detection and isolatton of the conjugants (Le.B.t. hybrid strains of the inventton) both 
the donor and the recipient strain are mariced genetically. Such mariners can be introduced In a manner known 
perse. TTius. it is for example known, that in gramm-positive bacteria the p-plasmld confers resistance to 

30 eiythromycin. This property can be used to efiminate all strains whteh. after conjugation, do not have this 
property. 

When the other conjugation partner is also mari<ed. e.g. by Induced or spontaneous resistance to another 
antibiotic such as tetracycline. It will be possible to efiminate all those strains nor having both genetic markers 
(i.e all non-conjugated strains) by growing the microorganisms on adequate culture media containing 
3S erythromycin and tetracycline. The only organisms able to grow on such media will be those bearing both 
markers, i.e. the erythromycin resistance and the tetracycline resistance 

The final isolation of the B.t hybrids of the Invention may then be effected in a manner known per se. e g by 
visual Identification of cotonles containing crystal types of both B.t. kurstaki and B.t. tenebrionis strains or by 
biological/biochemical techniques known in the art. A convenient procedure for the preparation of the Bt 
40 hybnds of the Invention Is the conjugation of a B.t kurstaki strain with a B.t. tenebrionis strain whereby the 
donor strain contains a conjugative plasmid and both the donor and recipient strains contain suitable selection 
genetic maKers. In general, it will be prefen-ed to use a B.t. kurstaki strain as a donor in the conjugation 
process of the invention. i » » " • 

In general, conjugation Is suitably effected In a medium containing a nitrogen source, carbohydrates and 
4S growth factors at a temperature in the range of 20 to AO'C. 

The starting materials may be obtained m conventional manner, starting from knovm B.t. kurstaki and B t 
tenebnonis strains. 

The time of Incubation is in general 4 to 96 hours, whereby for liquid media aeratton of shaking Is 
conveniently provided. " 

50 In the following, non-limiting conjugation example, the B.t. kurstaki strain is used as a donor containing the 
p-plasmkl serving as conjugative plasmid with a mart<er for erythromycin resistance. The recipient Bt 
tenebnonis strain is a spontaeous tetracyclin-resistant mutant. 
Temperatures are given in centigrade; parts are by weight 

55 EXAMPLE 1: Conjugatfon 

°* ^ '^"''^^ (NRRL B-4488) strain containing the conjugative fragment 
pAMpi of Streptococcus faecalls and 2.5 ml of a culture of a spontaneous tetracycline resistant mutant of B L 
enebnoros (Deutsche Sammlung fur Mikroorganismen. DSM 2803) -each in exponential growth phase 
(about 5 X 10^ cells/ml) - are mixed, and filtered on a cellulose acetate membrane filter (Oxoid/Nuflow) (0 45 
urn. 25mm diameter). The filter Is laid on a Luria Medium (LA) plate (1 litre Luria Medium containing 15g agar 10 
g tryptone. 5 g yeest extract. 10 g NaCI. 0.02 g thymidine in water) and incubated during 16 to 24 hoursat 37° 
The filter is suspended in 0.5 ml of liquid lA (without Agar), vigor ously homogenized and IQO and 10-' 
dilutions thereof are placed onto LA plates containing 50 ug/ml erythromycin and 5 ug/ml tetracycnne to select 
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the ex-conjugants. 

The thus obtained erythromycin- and tetracycline resistent conjugants are placed on a medium allowing 
sporulation and then examined by microscope for the presence and the nature of derta-endotoxins: in hybrid 
strains, the sporangium contains, before lysis, a W-pyramldal crystal typical for B.t. var. kurstakt strains, in 
addition to a parallellipipedlc (or cubic) crystal typical for B.t. var. tenebrionis strains. Such crystals, having a 
size of approx, 2 urn, are easily visible under the phase contrast microscope. 

The hybrids are accordingly easily isolated by visual identification. The hybrid colonies (after 16 hours at 
on LA plates) have the same morphology as B.t. tenebrionis colonies, but are easily distinguishable from the 
kurstaki colonies: 



Colonies 
Form 

Elevation 

Margin 
Surface 



tenebrionis or hybrids 

irregular 

rai sed 

undulate 
rough 



kurstaki 

c1 rcul ar 

convex 

entire 
smooth 



The introduction of pfasmids from the donor strain into the recipient strain may also be demonstrated 
physteally by agarose gel electrophoresis analysis off the DNA extracted from the resulting hybrids. The DMA 
molecules (plasmids) are visualised by UV irradiatton after ethldium bromide staining and photographed. (See 
Leredus D.. Menou G. and Lecadet M.-M., 1983. Mol. Gen. Genet. 191, 307-313). 

Most hybrids of the inventton possess, among others, the typical 10 Megadatton (Md) plasmid from the 
recipient B.t. tenebrionis strain and the 5.6 Md plasmid typical for the donor B.t. kurstaki strain. The plasmids 
bearing the gene coding for the deltceendotoxin in B.t. kurstaki and in B.t. tenebrionis have approximately the 
same molecular weight and are therefore not easily distinguishable In the plasmidogram of the hybrid strain. 

The B.t. hybrids of the Invention have useful insecticidaJ properties. They are active against pests 
susceptible to B.t. kurstaki strains as weH as against pests susceptible to B.t. tenebrionis strains. In general, 
they have Insectfcidal properties which are superior over those which are observed by physical mixture of the 
parent conjugatfon partners ("parents"), either in terms of level of insectteidal activity, or in terms of spectrum 
of activity, or both. 

The surprising pestlcldal properties of a selection of the B.t. hybrids of the invention are illustrated by their 
activity against the larva off Trichopkisia ni (cabbage looper), Spodoptera fittoralis (Egyptian cotton leafworm 
and Phaedon cochleariae {mustard beetle) in the following bioassay: 

Bioassay 

A 108 3pores/ml suspension In water is sprayed on medium-sized Chinese cabbage leaves with a micro 
air-brush, up to run-off point. When the sprayed deposit is dry. each leaf is laki on a moist filter paper in a 
plastk; petri dish of 9 cm diameter. 10 insects (2nd instar larvae) are introduced in each dish. 3 dishes are used 
per insect species. 

The assay is performed in a climatfc chamber at 25**. a relative humkJity of 650A) and a photoperiod of 16 
hours. 

Under these conditions the larvae are altowed to feed on the treated leaves during 5 days. Mortality among 
larvae is then estimated arKl expressed in 
The results of the obtained are summarized in the following table. 
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% Mortality after 5 days 

B.t. hybrid strain 
5 L21001 

L21004 

L21016 
^0 L21017 

L2T019 

kurstaki HU73,^. 
15 tenebrionis 

tank mix "k+t"^^^ 

= with p-plastnid (as used in conjugation example) 

= tetracycline resistant strain (as used in conjugation example) 

= mixture prepared just before spray application by suspending kurstaki 

(2) 

and tenebrionis in equal proportions and adjusted to give a total 

o 

concejitration of 10 spores/ml. 



20 



25 



Spodoptera 


Trichoplusia 


Phaedon 


87 


100 


100 


90 


100 


100 


97 


100 


100 


97 


100 


100 


93 


100 


100 


3 


100 


0 


0 


0 


100 


0 


100 


43 



Some of the above hybrid strains have been deposited 151h October, 1985 with the Agricultural Research 
30 Culture Collectton (NRRL), Peoria, Illinois 61604. USA. Strains L21004. L-21017 and L21019 have been 
assigned NRRL numbers B-18011, B-18012 and B-18013 rasp. 

The above tabulated data show that the hybrids L21001. L21004. L210016, L21017 and L21019 are not only 
active on insect species which are susceptible to their "parents" but. surprisingly, extend their activity to 
Insect species, e.g. spodoptera , which are not susceptible to the "parents". These results are particularly 
35 surprising, since the simple mixture of the "parents", is less active than tenebrionis , used alone, on Phaedon , 
and has no activity on Spodoptera. 

The invention therefore also provides a method of combatting insects comprising applying to the insects or 
their habitat an insecticidally effective amount of B.t. hybrid of the invention. 
The B.t. hybrids of the invention are conveniently employed in Insecticide! composition form. e.g. in 
4£> suspension concentrate form or power form. Such compositions contain suitably diluents and preferably 
additional insecticidally acceptable additives such as UV protecting agents, surfactants, emulsifiers etc. They 
are prepared in conventional manner according to known B.t. strains containing biological Insecticides. 

The term diluents as used herein means liquid or solid, agriculturaJly acceptable material, which may be 
added to the B.t. hybrids of the invention to bring them in an easier or better applicable form, resp. to dilute the 
^ active agent to a usable or desirable strength of activity. 

It will be appreciated that the B.t. hybrids of the Invention, orxce obtained by conjugation, will be more 
economically reproduced/multiplied by fermentation in an appropriate nutritive medium comprislrig a nitrogen 
source (e.g. fish meal), a carbohydrate source (e.g. starch) and mineral salts and adjusted to a pH of about 7. 
Such fermentation effected at a temperature of 20 to 40* C, e.g. 30* C. A suitable fermentation time is from 24 
50 to 72 hours, e.g. 36 hours. 

A suitable suspension concentrate of the B.t hybrids of the invention can be obtained by evaporation of the 
fermentation liquor to the desired concentration. Additives may be added where desired.. 

Analogously, a wettable powder formulation may be obtained by spray drying the fennentation liquor, 
comprising optionally emulsifiers, UV protectants and the like, a pulverisation of the thus obtained solid. 
55 The thus obtained formulations contain a substantial part of the components of the nutritive medium as 
diluent. 

Alternatively, the femnentation liquor may be centrifugated to separate the bigger particles of the nutritive 
medium and then be converted, as indicated atx>ve. to a suitable suspension concentrate or wettable powder 
^ formulation. Suitable formulation comprise e.g. between 1 .000 to 40.000 lU per mg or ml formulated product. 

Soluble Concentrate 

An aqueous nutrient medium containing about I.86V0 beet molasses, 1.4<Vb oil-free cottonseed endosperm 
flour, 1 .70/0 corn steep Uquor solids and O.IQfe calcium carix)nate is formed, the pH adjusted to within the range 
of 7.2 to 7.6 the batch sterilized for 20 to 30 minutes at 121*0 and then inoculated with 5% of its volume of a 
55 B.t. hybrid. The culturing process is run with agitation with about 5 psig l>ack pressure and at an incubation 
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temperature of 30** C. The broth is chilled to 18 to 20° C and its pH adjusted to about 5.5 with coricentrated 
H2SO4. The broth is screened through a screen having 150 meshes to the square inch, the resulting screened 
culture centrifuged to renDove part of the impurities and evaporated to a concentrate volume having the 
desired potency. To this concentrate are added 0.40A> by weight of an emulsifier (e.g. Isooctyl phenyl 
potyoxyethanol) and O.B^o by weight of an UV absorber. 5 

Wettable Powder 

The evaporated concentrate volume obtained according to the preceding example is spray dried, and the 
thus obtained technical concentrate blended with a 'carrier mixture" consisting of ^(3P/o silica and 90Vo 
soybean protein, the amount of carrier mixture depending on the potency of the technical concentrate and the 10 
desired potency of the wettable powder. 

To this wettable powder may be added OA^/o by weight of an emulsifier and 0.8<Vb by weight of a UV 
absorber. 

Preferred B.t. hybrids of the invention are such obtainable by conjugation usirtg B.t tenebrionis as recipient 
strain and B.t, kurstaki as donor strain. /5 
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r Hybrid Bacillus thuringlensis cells, comprising the gene coding to B.t. kurstaki delta-endotoxm and 
the gene coding for B.t. tenebrionis delta-endotoxin. 

2. Hybrid bacterial cells, according to Claim 1, capable of producing each of the delta-endotoxin 
crystals typical for a B.t. kurstaki strain and for a B.t. tenebrtonis strain. 

3. Hybrid bacterial cells, obtainable by conjugation of a delta-endotoxin crystal producing B.t. kurstaki ^ 
strain and a delta-endotoxin crystal producir>g B.t. tenebrionis strain, capable of producing 
delta-endotoxins allowing the bk)k>gical control of the pests controlable by the B.t. kurstaki and B.t 
tenebrionis parent strains. 

4. Processes for preparing hybrid cells according to and one of Claims 1 to 3. comprising 

a) conjugating a B.t. kurstaki strain arKJ a B.t. tenebrionis strain, ^ 
or b) reproducing hybrid cePs obtainable according to a) in a nutritive medium under fermentation 
conditions. 

5. Insecticidal compositions comprising B.t. hybrids according to Claims 1 to 3. 

6. Method of combatting insects which comprises applying to the insects or their habitat an ^ 
insecticldaJly effective amount of B.t. hybrids stated in Claims 1 to 3. 
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